SPECIFICATION 



TITLE OF THE INVENTION 

ACTUATOR HAVING A WAVE GEAR REDUCTION DRIVE 

5 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to an actuator having a wave 

P gear reduction drive, particularly to an actuator having a structure that 

pi 

30 enables the axial length of the actuator to be reduced. 

id 

jjj Description of the Prior Art 

5 Actuators include a motor and reduction gear and are 

ry configured to reduce the speed of the motor rotation by a prescribed 

f|5 reduction ratio to effect linear or rotational movement of a load. 

O Normally the motor rotation is transmitted to the reduction gear by 

fl! 

coupling the motor output shaft to the input shaft of the reduction gear. 
A wave gear reduction drive is a reduction gear that has few parts and 
is capable of providing a high reduction ratio. A wave gear reduction 

20 drive is comprised of three components, which are a rigid, circular 
internal gear, a flexible, circular external gear, and a wave generator 
that constitutes the input element. Thus, in the case of an actuator 
equipped with a wave gear reduction drive, the motor shaft is 
connected to the wave generator by a coupling. 

25 An actuator thus equipped with a wave gear reduction drive 

tends to have a long axis, since the wave gear reduction drive is 
disposed in the axial direction of the actuator. 

SUMMARY OF THE INVENTION 
30 An object of the invention is therefore to provide a 

configuration for an actuator having a wave gear reduction drive that 
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enables the length of the axis thereof to be decreased. 

In accordance with the present invention, the above object is 
attained by an actuator comprising a housing and a motor and wave 
gear reduction drive disposed adjacently within the housing along the 
5 center axis of the housing, the wave gear reduction drive including a 
circular, rigid internal gear, a circular, flexible externa! gear that is 
capable of radial elastic displacement, and a wave generator that 
radially displaces the flexible external gear into partial engagement 
S with the rigid internal gear while circumferentially rotating points of the 
jlo partial engagement, the flexible external gear including a cylindrical 
CP body portion that is capable of radial elastic displacement, an annular 
II diaphragm that extends radially inward or outward from an end of the 
_ body portion, and a boss formed as a continuous part of an inner or 
O outer edge of the diaphragm, the wave generator including a rigid cam 
Mt5 plate and a bearing with internal and outer rings capable of radial 
p elastic displacement disposed on the peripheral surface of the cam 
ry plate, with the cam plate being driven to rotate by the motor, the motor 
having a rotational shaft that includes a motor shaft portion to which a 
rotor is attached and an extended shaft portion that extends from an 
20 end of the motor shaft portion towards the wave gear reduction drive, 
the wave generator cam plate being formed integrally on the peripheral 
surface of the extended shaft portion, and, sandwiching the portion at 
which the cam plate is.integrally formed, the motor shaft portion of the 
rotational shaft being rotatably supported in the housing via a first 
25 bearing, and the wave gear reduction drive end of the rotational shaft 
being rotatably supported by the flexible external gear boss via a 
second bearing. 

In the actuator of this invention, the motor shaft and the cam 
plate are formed from the rotational shaft, which is a single component, 
30 and the rotational shaft is supported by first and second bearings. The 
first bearing can be a typical support type with a fixed outer ring and a 
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rotating inner ring, while in the case of the second bearing the outer 
ring is affixed to the boss of the flexible external gear that is the 
rotational output element of the actuator, and the inner ring is affixed 
to the rotational shaft extension portion, so that both rings are 
5 supported in a state of differential rotation. 

An actuator thus configured in accordance with the present 
invention can be made with a shorter axial length than a conventional 
actuator in which the motor, coupling and reduction gear are all 
fcj connected in the axial direction. 

J|o In a typical actuator, an internal partition separates the 

CP housing into the space where the motor is located and the space where 
JS the wave gear reduction drive is located. In such a case, the inside face 
of a central opening formed in the partition can be used to rotatably 

9 support the rotating shaft via the first bearing. In this case, a single 

ftJ 

|i5 member can be used to integrally form the rigid internal gear and the 
f» partition. This would eliminate the need to use screws to assemble the 
rip two parts, and by eliminating the step of joining the two parts together, 
would make it possible to decrease the number of assembly steps 
required. This would also ensure enough space for the motor's 
20 windings. 

In a typical wave gear reduction drive, the flexible external 
gear has the annular diaphragm that extends radially inward from the 
end of the body portion, and a cup-shaped boss formed as a continuous 
part of the inner edge of the diaphragm. In this case, the second 

25 bearing can be supported by an annular bearing seat attached to the 
boss. Moreover, a typical motor has an encoder attached to the motor 
shaft, with the motor being controlled based on the encoder output. In 
this case, the rotational shaft can be provided with a second extended 
shaft portion, formed to extend from the other end of the motor shaft 

30 portion, and the encoder can be attached to the second extended shaft 
portion. A hollow actuator can be formed by using a hollow rotational 
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shaft and providing the flexible external gear boss with a through-hole 
that is concentric with the hollow shaft. 

BRIEF DESCRIPTION OF THE DRAWINGS 
5 The above and other objects and advantages of the invention 

will be more apparent from the following description and drawings, in 
which: 

Figure 1 is a longitudinal cross-sectional diagram of a hollow 

H- ! actuator equipped with a wave gear reduction drive according to this 

o 

CIO invention. 

?jj Figure 2 is a longitudinal cross-sectional diagram of a 

W variation of the actuator of Figure 1. 

fil 

h DESCRIPTION OF THE PREFERRED EMBODIMENT 
[| 5 Examples of the actuator having a wave gear reduction drive 

5 according to the invention will now be described with reference to the 
f II drawings. 

Figure 1 is a longitudinal cross-sectional diagram of an 
actuator according to the invention. An actuator 1 comprises a 
20 cylindrical housing 2 and, disposed along the central axis la inside the 
housing 2, from the output end, a wave gear reduction drive 3, a motor 
4 and an encoder 5, in that order. The wave gear reduction drive 3 
includes a circular rigid internal gear 11, a cup-shaped flexible external 
gear 12 that is capable of radial elastic displacement, and a wave 
25 generator 14 that radially displaces the flexible external gear 12 into 
partial engagement with internal teeth 13 of the rigid internal gear 11 
while circumferentially rotating the points of the partial engagement. 

The flexible external gear 12 has a cylindrical body portion 21, 
a cylindrical diaphragm 22 extending radially inwards from one end of 
30 the body portion 21, an annular boss 23 formed as a continuous part of 
the diaphragm 22, and external teeth 24 formed on the peripheral 
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outer surface at the other end of the body portion 21. The wave 
generator 14 includes a rigid cam plate 31, a bearing 32 having inner 
and outer rings capable of radial elastic displacement disposed on the 
peripheral surface of the cam plate 31. The cam plate 31 has an 
5 elliptical shape and, via the bearing 32, is mounted inside the part of 
the body portion 21 where the external teeth 24 are located. Thus, the 
portion of the flexible external gear 12 with the external teeth 24 is 
flexed into an ellipsoid, causing externally toothed portions at each end 

Ji: of the elliptical major-axis to mesh with internally toothed portions of 

p|0 the rigid internal gear 11. 

p The cam plate 31 constitutes a reduction gear input element 

"ji that is rotated by the motor 4. When the speed of cam plate 31 rotation 
W is elevated, the points of engagement between the flexible external 

G gear 12 and rigid internal gear 11 move circu referential ly. There are 2n 

m 

il5 (where n is a positive integer) fewer external teeth 24 than internal 
^ teeth 13. Normally, the difference is set at two fewer teeth. The 
W difference in the number of teeth sets up a relative rotation between 
the flexible external gear 12 and the rigid internal gear 11. 

The rigid internal gear 11 is affixed to an annular flange 2a 
20 formed on the inside surface of the housing 2. The flexible external 
gear 12 is rotatably supported by means of the boss 23, via a cross- 
roller bearing 15. A ball bearing can be used in place of a cross-roller 
bearing. Thus, a reduced-speed rotation is output via the flexible 
external gear 12. That is, the inner ring 16 to which the boss 23 is 
25 affixed is provided with a hole 16a for attaching a load (not shown). 
The reduced-speed rotation is output via the inner ring 16. The 
reduction principle of the wave gear reduction drive 3 is publicly known, 
so further explanation thereof is omitted. As shown in the drawing, the 
inner ring 16 and outer ring 17 of the cross-roller bearing 15 also 
30 function as sealing members that seal the output-end opening of the 
housing 2. 
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The motor 4 has a rotational shaft 41, a rotor 42 attached to 
the peripheral surface of the rotational shaft 41, and a stator 43 
disposed around the rotor 42, with a fixed gap therebetween. The 
stator 43 is attached to the inside surface of the housing 2. The 
5 rotational shaft 41 has a motor shaft portion 51 to which the rotor 42 is 
affixed, a front-end shaft extension 52 extending towards the wave 
gear reduction drive 3 from one end of the motor shaft portion 51, and 
a rear-end shaft extension 53 that extends in the opposite direction 
C from the other end of the motor shaft portion 51. 
JlO The cam plate 31 is formed integrally on the peripheral 

CP surface of the front-end shaft extension 52. In other words, the motor 
2 rotational shaft and the cam plate are formed from a single member. 
I; 1 Sandwiching the portion at which the cam plate 31 is integrally formed, 
9 the motor shaft portion 51 of the rotational shaft 41 is rotatably 
145 supported in the housing 2 via a first bearing (motor shaft bearing) 54, 
}| and the wave gear reduction drive 3 end of the rotational shaft 41 is 
rotatably supported by the flexible external gear boss 23 via a second 
bearing (wave generator bearing) 55. 

Inside the housing 2, there is a circular partition 56 separating 
20 the motor 4 installation space from the wave gear reduction drive 3 
installation space. The peripheral part of the partition 56 is affixed to 
the annular face of the housing attachment flange 2a. The first bearing 
54 is disposed in the central opening of the partition 56. There is an 
adjacent seal 57 between the wave gear reduction drive end and the 
25 motor end. The front-end shaft extension 52 of the rotational shaft 41 
is inserted into the inner ring of the second bearing 55 and the outer 
ring is held in bearing holder 58. The bearing holder 58 is affixed in the 
boss 23. 

The rotary encoder 5 has a slit plate 61 affixed to the rear-end 
30 shaft extension 53, and a photosensor 62 comprised by a light- 
emitting element and a light-receiving element positioned in opposition 
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at each side of the slit. There is a partition 63 between the encoder 5 
and the motor 4. The opening at the rear end of the housing 2 is 
protected by a cover. The cover 64 has a connector 65 for power wiring 
and for wiring to carry out the encoder output via the outside line 66. 
5 There is a seal 67 around the central opening in the cover 64, via which 
the end of hollow output shaft 70 rotatably disposed inside the hollow 
interior of the rotational shaft 41 is exposed. The other end of the 
hollow output shaft 70 is fixed to the boss 23 of the flexible external 
g gear 12. 

KlO In the actuator 1 thus configured, the motor rotational shaft 

rl! and the wave generator are an integrated unit. That is, the cam plate 
J| 31 is integrally formed on the peripheral surface of the front-end shaft 
W extension 52. Also, the rotational shaft 41 is rotatably supported by the 
O first and second bearings 54 and 55. The first bearing 54 can be a 
|I5 typical support type bearing in which the outer ring is fixed and the 
inner ring rotates. However, in the case of the second bearing 55, the 
ft! inner ring is coupled to the rotational shaft 41 that rotates at high 
speed, while the outer ring is coupled to the boss 23 of the flexible 
external gear 12 that rotates at a reduced speed. This results in a 
20 rotation differential between the inner and outer rings. 

Since the rotational shaft 41 on which the cam plate 31 is 
integrally formed is supported by the two bearings 54 and 55, the need 
for a coupling mechanism is eliminated. Moreover, compared to 
configurations that do include a coupling mechanism, it is possible to 
25 decrease the number of bearings that support rotating members. In 
addition, the rotor and encoder can be compactly mounted on the 
rear-end portion of the rotational shaft 41. Thus, an actuator with a 
shorter axial length can be realized. 

While the rotational shaft has been described with reference 
30 to a hollow shaft, a solid rotational shaft can of course be used. 

Figure 2 shows the cross-section of an actuator 1A that is a 
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variation of the actuator of the above embodiment. The basic structure 
is the same, so corresponding portions have been given the same 
reference numbers, and only the differences will be described. In the 
case of actuator 1A, instead of using a separate partition 56 as in the 
5 first embodiment, the rigid internal gear and bearing housing are 
affixed as a single, integrated member. That is, an annular bearing 
housing portion 56A extends from the circular end surface of the rigid 
internal gear 11A towards the center, and the outer ring of the ball- 

t bearing 54 and the seal 57 being supported by the inside surface of the 

tltO bearing housing portion 56A. 

m Using a single member 100 that integrates the rigid internal 

*j! gear 11A and the bearing housing portion 56A eliminates the need for 
NJ screws that would otherwise be needed to fix the two members 
o together, thereby also decreasing the number of assembly steps that 
jj.5 are required. This would also ensure enough space for the motor's 
«f windings, since less space would be required to house the rigid internal 
fll gear and bearing housing portion. 

As described in the foregoing, in the actuator having a wave 
gear reduction drive according to this invention, the rotational shaft of 
20 the motor is integrated with the wave generator of the wave gear 
reduction drive. Also, one end of the shaft is rotatably supported on the 
housing side via a bearing, while the other end of the shaft is rotatably 
supported, via a bearing, by the boss of the flexible external gear of the 
wave gear reduction drive. The actuator according to this invention 
25 does not require a coupling mechanism between the motor and the 
wave gear reduction drive and needs fewer bearings to support the 
rotational shaft, making it possible to reduce the axial length of the 
actuator. 
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